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ODUJHZHOOHGJHGSDUDOOHOHSLSHGDQGRUFXEHGOLPHVWRQHEORFNVZLWKUHJXODUKRUL]RQWDODQGUDUHYHUWLFDOPRUWDUMRLQWV
7KHLQWHUQDOPDVRQORDGEHDULQJZDOOVDUHPRVWO\WKLFNDQGSODVWHUHGE\OLPHJ\SVXPPRUWDUV7KHEXLOGLQJLVDIIHFWHG
E\VHYHUHGHWHULRUDWLRQSKHQRPHQDDQGSDWWHUQVRIGDPDJHZKLFKRFFXUUHGGXULQJWKHWLPH7KHVHGHWHULRUDWLRQDQG
GDPDJHVDUHPDLQO\GXHWRIRXQGDWLRQSUREOHPVVXEVRLOZDWHUDQGDOVRWRWKHHDUWKTXDNHWKDWDIIHFWHGWKHZKROHRI
*UHDWHU&DLURLQ2FWREHU
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



)LJDVLWHRIWKHFDVHVWXG\EIURQWIDoDGHRIWKHFDVHVWXG\
7KHSODVWHUVDQGPRUWDUVRI WKH0HNDDGZDOOVZHUHVXEMHFWHG WR ORVVDQGFUDFNLQJGXH WR LQWHUQDODQGH[WHUQDO
UHDVRQV7KHLQWHUQDOUHDVRQVDUHFRQFHUQLQJZLWKSHWURJUDSKLFFKDUDFWHULVWLFRIWKHEXLOGLQJVWRQHDQGEULFNVDVZHOO
DVWKHW\SHDQGFRPSRVLWLRQRIWKHPRUWDUVDQGSODVWHUVXVHG7KHH[WHUQDOUHDVRQVPD\EHUHODWHWRWKHFRQVWUXFWLRQ
GHILFLHQF\H[WHULRUVDOWLQYDVLRQRUGLIIHUHQWLDOVHWWOHPHQWDQGVXEVLGHQFHDVZHOODVWKHHDUWKTXDNHDIIHFWV
3K\VLFDODQGPHFKDQLFDOFKDUDFWHUL]DWLRQVDUHLPSRUWDQWUHTXLUHPHQWVIRUWKHGHYHORSPHQWRIFRPSDWLEOHPRUWDUV
+RZHYHU IRU DQFLHQW PRUWDUV WKH\ DUH VRPHWLPHV LPSRVVLEOH WR HYDOXDWH GXH WR WKH GLIILFXOW\ WR GR ULJRURXV
GHWHUPLQDWLRQVZLWKLUUHJXODUIULDEOHVSHFLPHQVFXWWLQJVWDQGDUGVL]HGWHVWVDPSOHVRUVDPSOLQJIURPDQDQFLHQWZDOO
RIKLJKDHVWKHWLFYDOXH7KH WHVWV WKDWDUHPRVWRIWHQSHUIRUPHGDUHFRPSUHVVLYH UHVLVWDQFHZDWHUDEVRUSWLRQDQG
SRURVLW\&DQGHLDV$(1RJXHLUD3	0LUmR-HWDO
0DWHULDOVDQG0HWKRGRORJ\
6HYHUDOVDPSOHVZHUHFROOHFWHGIURPDQFLHQWPRUWDUVDQGSODVWHUVDVZHOODVIURPUHFHQWSODVWHUVWKDWZHUHXVHG
GXULQJ WKH ODVW UHVWRUDWLRQ XSRQ HLWKHU OLPHVWRQH EORFNV RU WKH UHG EULFNV WDEOH  +RZHYHU VRPH SK\VLFDO
FKDUDFWHULVWLFV DUH LPSRVVLEOH WRHYDOXDWHGXH WR WKHGLIILFXOW\ WRGR ULJRURXVGHWHUPLQDWLRQZLWK LUUHJXODU IULDEOH
VSHFLPHQVFXWWLQJVWDQGDUGVL]HGWHVWVDPSOHWKDWFRXOGEHFROOHFWHGIURPYHU\VRIWDQFLHQWPRUWDU
 7DEOH7KHVSHFLILFORFDWLRQVRIWKHFROOHFWHGPRUWDUDQGSODVWHUVDPSOHV
7\SH 6\PERO 6SHFLILFORFDWLRQ
0RUWDUVDPSOHV
0%0 %LQGLQJPRUWDUEHWZHHQUHGEULFNV
/60 %LQGLQJPRUWDUEHWZHHQOLPHVWRQHEORFNV
=/63 %LQGLQJPRUWDUEHWZHHQ]LJ]DJOLPHVWRQHEORFNV
00( &ROODWLQJ PRUWDURIWKHPRVDLFV
3ODVWHUVDPSOHV
0%3 3ODVWHUXSRQWKHUHGEULFN
/63 3ODVWHUXSRQWKHOLPHVWRQHEORFNV

3UHOLPLQDU\PRUSKRORJLFDOREVHUYDWLRQRIWKHUDZVXUIDFHDQGSROLVKHGWKLQVHFWLRQRIWKHVDPSOHVZHUHFDUULHG
RXWXVLQJ=LHVRSWLFDOOLJKWPLFURVFRS\7KLQVHFWLRQVRIWKHVDPSOHVZHUHH[DPLQHGXVLQJSRODUL]HGWUDQVPLWWHGOLJKW
PLFURVFRS\PRGHO1LNRQRSWLSKRWR[HTXLSSHGZLWKSKRWRFDPHUD6XQGHU[DQG[PDJQLILFDWLRQLQSODQH
SRODUL]HG OLJKW;UD\GLIIUDFWLRQ ;5'ZDV SHUIRUPHGRQSRZGHUHG VDPSOHV RI WKH FRUH DQGJOD]HPDWHULDOV LQ
DGGLWLRQWRWKHPRUWDUXVHGWRDGKHUHWKHWLOHVLQWRWKHZDOOVXVLQJD3KLOLSV3:GLIIUDFWRPHWHUZLWK1LILOWHUHG
 
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&X.Į UDGLDWLRQ 7KH VDPSOHV ZHUH VFDQQHG RYHU WKH  ș LQWHUYDOV DW D VFDQQLQJ VSHHG RI  PLQ $
TXDQWLWDWLYHHVWLPDWHRIWKHDEXQGDQFHRIWKHPLQHUDOSKDVHVZDVGHULYHGIURPWKH;5'GDWDXVLQJWKHLQWHQVLW\RI
FHUWDLQ UHIOHFWLRQV DQG H[WHUQDO VWDQGDUG PL[WXUHV RI PLQHUDOV FRPSDUHG WR WKH -&3'6 VWDQGDUGV RI  WKH
GHWHFWLRQOLPLWVRIWKHPHWKRGZHUHZZ
5HVXOWVDQGGLVFXVVLRQ
7KHPLFURVFRSLFLQYHVWLJDWLRQSURYHGWKDWWKHSODVWHUVDPSOH/63ORFDWHGXSRQWKHOLPHVWRQHEORFNVLVVLPLODUWR
WKHPRUWDUVDPSOHWKDWELQGLQJWKHVDPHEORFNV%RWKDUHFRPSRVHGRIOLPHOXPSVUHSUHVHQWHGE\ILQHFDOFLWHSDUWLFOHV
ZLWKJ\SVXPIHZDQK\GULWHFU\VWDOVDQGIHZILQHTXDUW]VDQGJUDLQV6RPHDGGLWLYHVYHU\ILQHILEURXVDQGRUJDQLF
PDWHULDOVDUHDOVRREVHUYHGHPEHGGHGLQWKHJ\SVLIHURXVOLPHPDWUL[6RPHJ\SVXPSDUWLFOHVVHHPWREHDOWHUHGWR
DQK\GULWHFU\VWDOV
7KH;5'UHVXOWVILJDVXSSRUWWKHFRPSRVLWLRQRIWKHSODVWHUVDPSOH/637KH;5'UHVXOWRIPRUWDUVLQGLFDWHG
WKDWWKHUHDUHWKUHHW\SHVWKHILUVWW\SHILJEPDLQO\FRQVLVWVRIFDOFLWHDQGJ\SVXPZLWKTXDUW]
WKH VHFRQG W\SH ILJFZDVXVHGDVELQGLQJPDWHULDO IRU WKHEXLOGLQJ OLPHVWRQHEORFNVFRQWDLQVJ\SVXP
FDOFLWHZLWKH[FHVVTXDUW]LQDGGLWLRQWRVRPHIHOGVSDUJUDLQV6XFKIHOGVSDUPDLQO\NIHOGVSDU
DVVRFLDWHGZLWKDSDUWRITXDUW]PD\EHGHULYHGIURPJUDQLWLFURFNSRZGHUZKLFKSRVVLEO\ZDVDGGHGDVDGGLWLYHVWR
DQFLHQWPRUWDUDQGWKHWKLUGW\SHILJGFRQVLVWVRIJ\SVXPOLWWOHFDOFLWHDQGWUDFHVRITXDUW]

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)LJDEFG;5'GLIIUDFWLRQSDWWHUQVRIWKHDQDO\]HGPRUWDUVDPSOHV
7KHZHDWKHUHGJ\SVXPPRUWDUXVXDOO\LQFOXGHVVDOWVRGLXPFKORULGHZKLFKLVFDOOHGLQWKH;UD\FKDUW
V\QWKHWLF KDOLWH 7KLV VDOW LV QRW FRQVLGHUHG DV RQH RI WKH FRPSRQHQWV RI WKH PRUWDU EXW LW ZDV IRUPHG IURP
VDOLQL]DWLRQZHDWKHULQJRIPRUWDU7KDW VDOW KDV D QHJDWLYH LQIOXHQFHRQ WKH TXDOLW\ RI WKHPRUWDU7KHUHIRUH LW LV
XQOLNHO\DQDGGLWLYHILJD7KHSODVWHUVDPSOHVDUHOLPHJ\SVXPW\SH7KH;UD\DQDO\VLVRIWKHSODVWHUVDPSOHV
0%3DQG/63VKRZVWKDWWKH\DUHFRPSRVHGRIFDOFLWHOLPHJ\SVXPDQGWUDFHVRITXDUW]
ILJE6RPHDQFLHQWPRUWDURUSODVWHUVXFKDVVDPSOH/63RFFDVLRQDOO\FRQWDLQVIHZDQK\GULWHFU\VWDOV
WKDWPD\EHIRUPHGE\GHK\GUDWLRQRIWKHRULJLQDOJ\SVXPDWKLJKHUWHPSHUDWXUH
3DUWLFXODUO\WKHSURSRUWLRQRIJ\SVXPDQGVDQGDGGLWLYHVRIWKHPRUWDUVLVDQRWKHUVLJQLILFDQWIDFWRUFRQWUROOLQJWKH
OHYHORIFUDFNLQJDQGORVVHV*HQHUDOO\LQSUHSDUDWLRQRIPRUWDURUSODVWHUIRUUHVWRUDWLRQSURFHVVHVWKHDGGLWLRQRI
J\SVXP LPSURYHV WKH VWUHQJWK RI OLPH ± YDULRXV SR]]RODQPL[HV EXW WKH J\SVXP FRQWHQW VKRXOG UHPDLQ OLPLWHG
EHFDXVHWKHHWWULQJLWHIRUPDWLRQFDXVHVVZHOOLQJDQGGLVLQWHJUDWLRQRIWKHPDWHULDO7RXPEDNDUL
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6RPHWLPHVLWLVUHFRPPHQGHGWRXVHOLPHVDQGPRUWDUOLNHWKDWRIVDPSOH5%0EHFDXVHLWLVPRUHDSSURSULDWH
IRUUHSDLURIROGHUPDVRQU\ZLWKDQH[LVWLQJOLPHPRUWDUDQGZKHUHH[SRVXUHWRFOLPDWHORDGVLVORZ,WLVLPSRUWDQW
WRDYRLGWKHSUHVHQFHRIVROXEOHVDOWVRUVDOWFU\VWDOVLQWKHSUHSDUHGPRUWDUIRUUHVWRUDWLRQDQGWKHUHIRUHDYRLGLQJWKH
DSSHDUDQFHRIHIIORUHVFHQFHDQGVXEIORUHVFHQFH7KHVHSURSHUWLHVFDQEHUHODWLYHO\PRGLILHGE\DOWHULQJWKHSURFHVV
RISURGXFWLRQRIWKHPRUWDUWKHW\SHRIDJJUHJDWHWKHDJJUHJDWHELQGHUDQGZDWHUELQGHUUDWLR«HWF3DORPR$
%ODQFR9DUHOD07	0DUWLQH]5DPLUH]6HWDO
7ZRGHVWUXFWLYHH[SDQVLYHUHDFWLRQVDUHXVXDOO\WDNLQJSODFHLQWKHSUHVHQFHRIJ\SVXPOHDGLQJWRWKHIRUPDWLRQ
RIHWWULQJLWHDQGWKDXPDVLWH7KHODWWHUFDQEHIRUPHGLQKLVWRULFPRUWDUVDQGSODVWHUVE\WKHUHDFWLRQRIJ\SVXPDQG
FDOFLXPDOXPLQXPK\GUDWHVLQDPRLVWFRQGLWLRQ%|NHDQG$NNXUW7KHIRUPDWLRQRIHWWULQJLWHRUWKDXPDVLWH
OHDGVWRWKHFRPSOHWHGHVWUXFWLRQRIWKHPDWHULDO9DQ%DOHQ.7RXPEDNDUL((%ODQFR9DUHOD07HWDO
)LVVXULQJDQGFUDFNLQJSKHQRPHQDDUHZLGHO\REVHUYHGLQWKHFDVHVWXG\7KHSRVVLELOLW\RIHWWULQJLWHIRUPDWLRQLQ
KLVWRULFPRUWDUVRUSODVWHUVGXHWRDLUSROOXWLRQHIIHFWZDVSUHYLRXVO\GLVFXVVHGDVVKRZHGLQWKHUHDFWLRQV6DEELRQL
&=DSSLD*	5LRQWLQR&HWDO6DEELRQL&%RQD]]D$	=DSSLD*
x &D62+2&D2$O2+2+2ĺ&D2$O2&D62+2(WWULQJLWH
x &D62+2&D&2&D6L2+2+2ĺ&D6L2&D62&D&2+27KDXPDVLWH
&KDURODDQG&HQWHQRVWDWHWKDWWKHGHK\GUDWLRQRIJ\SVXPWRKHPLK\GUDWHGRHVQRWRFFXURQPRQXPHQWV&KDUROD
DQG &HQWHQR  7KLV GRHV QRW SUHFOXGH WKDW J\SVXP SDUWLFXODUO\ LQ FU\SWRFU\VWDOOLQH IRUPV PD\ SDUWLDOO\
GHK\GUDWH DQG HYHQWXDOO\ UHK\GUDWH JLYLQJ ULVH WR IXUWKHU FRQWUDFWLRQ±H[SDQVLRQ F\FOHV &KDUROD  7KLV
K\SRWKHVLVLVVXSSRUWHGE\WKHGHWHFWLRQRIERWKDQK\GULWHDQGJ\SVXPLQWKHSODVWHUOD\HURIWKH0HNDDG5DGZDQ
$QK\GULWHZDVGHWHFWHGDEUHDVWZLWKJ\SVXPLQWKHUHQGHULQJOD\HU,WLVRXUSRVLWLRQWKDWWKHPDWHULDOXVHGZDV
DQK\GULWHDQGWKHHIIHFWRIWKHVOLJKWKXPLGLW\VWDUWHGWKHDQK\GULWHWRDEVRUEZDWHUPROHFXOHVDQGUHWXUQSDUWO\WR
J\SVXP LQ DQ XQFRPSOHWHG K\GUDWLRQ SURFHVV 7KLV FKDQJH LV XVXDOO\ IROORZHG E\ DQ LQFUHDVH LQ WKH YROXPH RI
DQK\GULWH'XULQJ WKH WUDQVIRUPDWLRQRI DQK\GULWH WR J\SVXP DYROXPH H[SDQVLRQRIXS WR  LVSRVVLEOH WKLV
GHYHORSVK\GUDWLRQSUHVVXUHZKLFKGHSHQGVRQWKHWHPSHUDWXUHDQGKXPLGLW\RIWKHDLU0RXVVD$.DQWLUDQLV1
	9RXGRXULV.HWDO
([SHULPHQWDOZRUN
)URPWKHKLVWRULFDOSHUVSHFWLYHUHSRLQWLQJVKRXOGEHFDUULHGRXWXVLQJWKHVDPHPDWHULDODVRULJLQDOO\XVHG)URP
DSUDFWLFDOSRLQWRIYLHZDPDVRQU\ZDOOVKRXOGEHSRLQWHGZLWKDFDUHIXOO\FKRVHQOLPHPRUWDUZKLFKLVMXVWVRIWHU
DQGPRUHSRURXVWKDQWKHPDWHULDOZLWKZKLFKWKHZDOOLVFRQVWUXFWHG*HQHUDOO\WKHEHVWDJJUHJDWHIRUOLPHPRUWDULV
DZHOOJUDGHGVDQGPL[FRPSULVLQJDQJXODUSDUWLFOHVUDQJLQJLQVL]HIURPODUJHWRVPDOOIURPPLOOLPHWHUVLQGLDPHWHU
WRGXVWLQDVXLWDEOHFRORU0RXVVD
,QRUGHU WRSUHSDUH WKHPRVWDSSURSULDWHPRUWDUIRU UHSRLQWLQJSXUSRVHVRI WKHGHWHULRUDWHGPRUWDUVDW0HNDDG
5DGZDQPDQ\VWDQGDUGF\OLQGHUVRIGLIIHUHQWW\SHVRIPRUWDUVZHUHSUHSDUHGDQGJLYHQDOSKDEHWLFV\PEROVWDEOH

7DEOH&RPSRVLWLRQRIWKHVWXGLHGDOWHUQDWLYHPRUWDUV
6\PERO &RPSRVLWLRQ
$ SDUWFDOFLXPFDUERQDWHSDUWVDQGSDUWVSDOP
% òSDUWFDOFLXPFDUERQDWHSDUWVDQGòSDUWSDOPSDUWZKLWHFHPHQW
& SDUWOLPHóSDUW6DQGSDUWDVKPRUWDU³TXVUPLO´óSDUWZKLWHFHPHQW
' SDUWOLPHóSDUWVDQGSDUWTXVUPLO
( SDUWVOLPHSDUWVDQG
) SDUWVOLPHSDUWVDQGSDUWTXVUPLOSULPDO$&
* SDUWVOLPHSDUWVDQGSDUWTXVUPLOSDUWZKLWHFHPHQW
+ SDUWVOLPHSDUWVDQGSDUWVTXVUPLO
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, SDUWVOLPHSDUWVDQGSDUWVTXVUPLO3ULPDO$&
- SDUWVOLPHSDUWVDQGSDUWVTXVUPLOSDUWZKLWHFHPHQW

3UHSDUHGPRUWDUVZHUHOHIWWRGU\LQURRPWHPSHUDWXUHWKH\ZHUHRSWLFDOO\LQYHVWLJDWHGLQRUGHUWRUHJLVWHUWKHLU
FRORUWKHQWKHPRUWDUVZHUHZHLJKHGDQGPHDVXUHGEHIRUHWKH\ZHUHH[SRVHGWRDUWLILFLDODJHLQJWRWHVWWKHLUUHVLVWDQFH
WRWKHHQYLURQPHQWDOIDFWRUVZKLFK0HNDDG5DGZDQLVIDFLQJLQGHHGWDEOH
7DEOH$OWHUQDWLYHPRUWDUVDIWHUGU\LQJ
&RGHRI
PRUWDU
:HLJKWEHIRUH
GU\LQJ
:HLJKWDIWHU
GU\LQJ
&RORUEHIRUH
GU\LQJ
&RORUDIWHU
GU\LQJ
'LPHQVLRQEHIRUH
GU\LQJFP
'LPHQVLRQDIWHU
GU\LQJFP
$ J J 2IIZKLWH 2IIZKLWH [ [
% J J 2IIZKLWH 2IIZKLWH [ [
& J J /LJKWJUH\ /LJKWJUH\ [ [
' J J /LJKWJUH\ /LJKWJUH\ [ [
( J J 'DUNRIIZKLWH 'DUNRIIZKLWH [ [
) J J 'DUNJUH\ 'DUNJUH\ [ [
* J J /LJKWJUH\ /LJKWJUH\ [ [
+ J J 'DUNJUH\ 'DUNJUH\ [ [
, J J 'DUNJUH\ 'DUNJUH\ [ [
- J J 'DUNRIIZKLWH 'DUNRIIZKLWH [ [
 Investigation  
1RVLJQLILFDQWFKDQJHVLQFRORURUZHLJKWZHUHUHJLVWHUHGDIWHUWKHDJHLQJF\FOHVWDEOH
7DEOH$OWHUQDWLYHPRUWDUVDIWHUDFFHOHUDWHGDJHLQJ
&RGHRI
PRUWDU
'HQVLW\EHIRUH
DJHLQJ
'HQVLW\DIWHU
DJHLQJ
&RORUEHIRUH
GU\LQJ
&RORUDIWHU
GU\LQJ
&RORU$IWHU
DJHLQJ
:DWHUDEVRUSWLRQ

$SSDUHQWSRURVLW\

$   2IIZKLWH 2IIZKLWH /LJKWRIIZKLWH  
%   2IIZKLWH 2IIZKLWH /LJKWRIIZKLWH  
&   /LJKWJUH\ /LJKWJUH\ /LJKWJUH\  
'   /LJKWJUH\ /LJKWJUH\ /LJKWJUH\ [[[[[[ [[[[[[
(   'DUNRII
ZKLWH
'DUNRIIZKLWH /LJKWRIIZKLWH  
)   'DUNJUH\ 'DUNJUH\ 'DUNJUH\  
*   /LJKWJUH\ /LJKWJUH\ /LJKWJUH\  
+   'DUNJUH\ 'DUNJUH\ 'DUNJUH\  
,   'DUNJUH\ 'DUNJUH\ 'DUNJUH\  
-   *UH\ *UH\ /LJKWJUH\  

0RUWDUVZHUHH[SRVHGWRLPSUHJQDWLRQWHVWVWRYDOXHWKHLUDELOLWLHVWRUHVLVWWKHWUDQVSRUWDWLRQRIPRLVWXUHWKURZ
WKHPWKHUHVXOWVDUHVKRZQLQWDEOHILJXUH
7DEOH,PSUHJQDWLRQWHVWVRIWKHVWXGLHGDOWHUQDWLYHPRUWDUV
7LPHRI
LPSUHJQDWLRQ
6DPSOH:HLJKWJ
$ % & ( ) * + , -
      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)LJ'LDJUDPVKRZVWKHLPSUHJQDWLRQWHVWVRIWKHVWXGLHGDOWHUQDWLYHPRUWDUV
&RPSUHVVLYHVWUHQJWKRIWKHVWXGLHGDOWHUQDWLYHPRUWDUVZDVH[DPLQHGEHIRUHDQGDIWHUDFFHOHUDWHGDJHLQJF\FOHV
WKHUHVXOWVDUHVKRZQLQWDEOH
7DEOH&RPSUHVVLYHVWUHQJWKWHVWVRIWKHVWXGLHGDOWHUQDWLYHPRUWDUV
&RGHRIPRUWDU &RPSUHVVLYHVWUHQJWKEHIRUHDJHLQJNJPP &RPSUHVVLYHVWUHQJWKDIWHUDJHLQJNJPP
$  
%  
&  
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,  
-  



419 Mona F. Ali et al. /  Procedia - Social and Behavioral Sciences  225 ( 2016 )  410 – 420 
5HVXOWVDQGGLVFXVVLRQ
,WLVLPSRUWDQWWRDGGUHVVILUVWWKDWWKHGXUDWLRQRILPPHUVLQJWKHVDPSOHVLQZDWHURUVDOWVROXWLRQVVRGLXPVXOIDWH
VDOWZDVKRXUVWKHGXUDWLRQRIH[SRVXUHWRWHPSHUDWXUHZDVKRXUVDW&DQGZDVUHSHDWHGIRUF\FOHV
SDOPZDV DGGHG WRPRUWDUV WR LPSURYH WKHLU SK\VLFDO SURSHUWLHVZKLOHTXVUPLO LV DPRUWDU HTXDOVK\GUDXOLF OLPH
PRUWDUVWKLVTXVUPLOZDVLQYHQWHGE\WKH0XVOLPDUFKLWHFWVWRFRPSHQVDWHWKHODFNRIYROFDQLFDVKDQGSR]]RODQLF
DGGLWLYHVLQ,VODPLFFRXQWULHV4XVUPLOFRPSRVHVRIWKHDVKUHVXOWVRUE\SURGXFHGIURPRYHQVNLOQVDQGILULQJZDVWH
PDWWHUHWFZKLFKZRUNVDVDFHPHQWLQJPDWHULDOLQWKLVPRUWDULWLVPL[HGZLWKVDQGDQGVRPHWLPHVOLPHLQSURSHU
SURSRUWLRQWKHVXOIDWHFRQWHQWVKRXOGQRWH[FHHGWKLVPRUWDUZDVYHU\FRPPRQLQKLVWRULFDO,VODPLFDUFKLWHFWXUH
LQ(J\SWVSHFLDOO\WKHEULFNZRUNPDVRQU\
7KHFRPSRVLWLRQVDQGPHWKRGVRISUHSDUDWLRQRIDOOPRUWDUVKDYHEHHQGHYHORSHGWKURXJKH[WHQVLYHODERUDWRU\
LQYHVWLJDWLRQVWRGHYHORSWKHSDUWLFXODUFRPELQDWLRQRISURSHUWLHVHDFKERQGLQJPRUWDUVKRXOGSRVVHVV$PRQJWKH
IDFWRUVLQFOXGHGDUHZRUNDELOLW\SODVWLFLW\ZDWHUUHWHQWLRQGU\LQJDQGILULQJVKULQNDJHVFKHPLFDOFRPSRVLWLRQDQG
UHIUDFWRULQHVVERQGLQJVWUHQJWKYHWULILFDWLRQDQGUHVLVWDQFHWRFKHPLFDODWWDFN%1=0DWHULDOV
/LPHPRUWDUVXVXDOO\FRQVLVWRIRQHSDUWRIOLPHWRWRSDUWVRIVDQGE\YROXPHQRQK\GUDXOLFOLPHXVXDOO\
FRQWDLQVD VLJQLILFDQWO\KLJKHUFRQWHQWRI OLPH WKDQ WKH VDPHYROXPHRIK\GUDWHG OLPH7KLV VKRXOGEH WDNHQ LQWR
DFFRXQWLIWKHOLPHFRQWHQWLQWKHPRUWDULVEDVHGRQYROXPHSURSRUWLRQV/LPHVDQGPRUWDUVDUHPRUHDSSURSULDWHIRU
UHSDLURIROGHUPDVRQU\ZLWKDQH[LVWLQJOLPHPRUWDUDQGZKHUHH[SRVXUHWRFOLPDWHORDGVLVORZ0DXUHQEUHFKHU

%DVHG RQ WKH H[SHULPHQWDOZRUN UHVXOWV LW KDV EHHQ FRQFOXGHG WKDWPRUWDU $ LV WKHPRVW SURSHUPRUWDU IRU
FRQVHUYDWLRQZRUNVLQ0HNDDG5DGZDQLWFRQVLVWVRIVDQGSDOPFDOFLXPFDUERQDWHLWKDVVKRZQDKLJK
UHVLVWDQFHWRPHFKDQLFDOWHVWVEHIRUHDQGDIWHUDJLQJIROORZHGE\WKHPRUWDU*ZKLFKFRQVLVWVRIOLPHVDQG
TXVUPLOZKLWHFHPHQW
&RQFOXVLRQ
7KH3HWURJUDSKLFLQYHVWLJDWLRQVKRZVDJHQHUDOWH[WXUDOVLPLODULW\EHWZHHQWKHDQFLHQWDQGWKHUHFHQWPRUWDUDQG
SODVWHUVDPSOHV%RWKFRQVLVWRIOLPHOXPSVILQHFDOFLWHSDUWLFOHVZLWKJ\SVXPDQGDQK\GULWHFU\VWDOVDQGIHZILQH
TXDUW]VDQGJUDLQV0RUHRYHUEDVHGRQWKH;5'UHVXOWVWKUHHW\SHVRIPRUWDUVDUHUHFRJQL]HG7KHILUVWW\SHLVOLPH
PRUWDUFRPSRVHGRIFDOFLWHTXDUW]DQGJ\SVXP7KHVHFRQGW\SHLV OLPHJ\SVXPPRUWDUZKLFKLV
IUHTXHQWO\XVHGDVELQGLQJPDWHULDOIRUWKHPDVRQU\OLPHVWRQHEORFNV7KLVFRQVLVWVRIFDOFLWHJ\SVXPDQG
TXDUW]7KHWKLUGW\SHLVJ\SVXPPRUWDUFRPSRVHGRI±J\SVXPZLWK±FDOFLWHDQG±TXDUW]
7KLVW\SHLVXVXDOO\XVHGDVFROODWLQJRUELQGLQJWKHGHFRUDWLRQDQGPRVDLFV7KH;5'DQDO\VLVLGHQWLILHVWKHSODVWHU
VDPSOHVDVDOLPHJ\SVXPW\SHFRPSRVHGRI±FDOFLWHOLPH±J\SVXPDQG±TXDUW]%DVHG
RQWKHH[SHULPHQWDOZRUNUHVXOWVLWKDVEHHQFRQFOXGHGWKDWPRUWDU$LVWKHPRVWSURSHUPRUWDUIRUFRQVHUYDWLRQ
ZRUNVLQ0HNDDG5DGZDQLWFRQVLVWVRIVDQGSDOPFDOFLXPFDUERQDWHLWKDVVKRZQDKLJKUHVLVWDQFHWR
PHFKDQLFDOWHVWVEHIRUHDQGDIWHUDFFHOHUDWHGDJLQJIROORZHGE\WKHPRUWDU*ZKLFKFRQVLVWVRIOLPHVDQG
TXVUPLOZKLWHFHPHQW
5HIHUHQFHV
&DQGHLDV$(1RJXHLUD30LUmR-6LOYD$69HLJD5&DVDO0*5LEHLUR,6HUX\D$,&KDUDFWHUL]DWLRQRI$QFLHQW0RUWDUV
3UHVHQW0HWKRGRORJ\DQG)XWXUH3HUVSHFWLYHV:RUNVKRSRQ&KHPLVWU\LQWKH&RQVHUYDWLRQRI&XOWXUDO+HULWDJH3UHVHQWDQG)XWXUH3HUVSHFWLYH
&KDLUPHQRIWKH(XURSHDQ5HVHDUFK&RXQFLOV&KHPLVWU\&RPPLWWHHV
-&3'6-DLQWFRPPLWWHHRQSRZGHUGLIIUDFWLRQVWDQGDUGVLQGH[WRWKHSRZGHUGLIIUDFWLRQILOH$PHULFDQVRFLHW\IRUWHVWLQJDQGPDWHULDOV
3HQQV\OYDQLD
7RXPEDNDUL((/LPH3R]]RODQ&HPHQW*URXWVDQGWKHLU6WUXFWXUDO(IIHFWVRQ&RPSRVLWH0DVRQU\:DOOV3K'7KHVLV.DWKROLHNH
8QLYHUVLWHLW/HXYHQ)DFXOWHLW7RHJHSDVWHZHWHQVFKDSSHQ'HSDUWHPHQW%XUJHUOLMNH%RXZNXQGH/DERUDWRULXP5H\QWMHQV+HYHUOHH%HOJLXP
3DORPR$%ODQFR9DUHOD070DUWLQH]5DPLUH]63XHUWDV)DQG)RUWHV&+LVWRULF0RUWDUV&KDUDFWHUL]DWLRQDQG'XUDELOLW\1HZ
7HQGHQFLHVIRU5HVHDUFK0DGULG6SDLQ
%|NH+$NNXUW6(WWULQJLWH)RUPDWLRQLQ+LVWRULF%DWK%ULFN±/LPH3ODVWHUVCement and Concrete Research (33)
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9DQ%DOHQ.7RXPEDNDUL ((%ODQFR9DUHOD07$JXLOHUD - 3XHUWDV ) 3DORPR$ 6DEELRQL&5LRQWLQR& =DSSLD* 
(QYLURQPHQWDO'HWHULRUDWLRQRI$QFLHQW DQG0RGHUQ+\GUDXOLF0RUWDUV(XURSHDQ&RPPLVVLRQ3URWHFWLRQDQG&RQVHUYDWLRQRI(XURSHDQ
&XOWXUDO+HULWDJH('$005HVHDUFK5HSRUW;;
6DEELRQL & =DSSLD * 5LRQWLQR & %ODQFR9DUHOD 07 $JXLOHUD - 3XHUWDV ) %DOHQ .9 7RXPEDNDUL ((  $WPRVSKHULF
'HWHULRUDWLRQRI$QFLHQWDQG0RGHUQ+\GUDXOLF0RUWDUVAtmos. Environ (35)
6DEELRQL&%RQD]]D$=DSSLD*'DPDJHRQ+\GUDXOLF0RUWDUVWKH9HQLFH$UVHQDOJournal of Cultural Heritage (3)
&KDUROD$(&HQWHQR6$$QDO\VLVRI*\SVXP&RQWDLQLQJ/LPH0RUWDUV3RVVLEOH(UURUV'XHWRWKH8VHRI'LIIHUHQW'U\LQJ&RQGLWLRQV
JAIC ( 41)
&KDUROD$(6DOW'HWHULRUDWLRQ2SHQ4XHVWLRQV0DXHUVDO]HXQG$UFKLWHNWXUREHUIODFKHQ6DOWV LQ:DOOVDQG$UFKLWHFWXUDO6XUIDFHV
/HLWQHU+/DXH66LHGHO+(GV+RFKVFKXOHIXU%LOGHQGH.XQVWH'UHVGHQ
0RXVVD$.DQWLUDQLV19RXGRXULV.6WUDWLV-$OL0DQG&KULVWDUDV%,PSDFWRI6ROXEOH6DOWVRQWKH'HWHULRUDWLRQRI3KDUDRQLF
DQG&RSWLF:DOO3DLQWLQJVLQ$O4XUQD(J\SW0LQHUDORJ\DQG&KHPLVWU\Archaeometry (51:2)
0RXVVD$$VVHVVLQJWKH'HFD\$JHQWVRI:DOO3DLQWLQJVLQ$O4XUQDDQG:DGL(O1DWUXQ5HJLRQV(J\SW3K'WKHVLV$ULVWRWOH8QLYHUVLW\RI
7KHVVDORQLNL*UHHFH
%1=0DWHULDOV,QF5HIUDFWRU\%RQGLQJ0RUWDUV86$
0DXUHQEUHFKHU$+30RUWDUVIRU5HSDLURI7UDGLWLRQDO0DVRQU\ASCE Practice Periodical on Structural Design and Construction
2WWDZD&DQDGD

























